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Ttehnicsil Firtlrf 

This invention relates a medtod and apparatus for extracimg energy from flowing 
fluids and in particular to an unproved metibod and apparatus for incteasiAg the efficiency of 
extraction of energy from flowintg Hqiiids. 
5 Background Art 

It is well known to extract energy from a flowing fluid by flie use of suitable turbines 
wbidi drive electrical genmtoia to generate electrlGity. Such arrangemraits are commonly 
used in hydroelectric systems and usually use a head of water created thiou^ tb» 
construction of a dam to create a flow of wamr tfarougta coxiduits In which turbines are 

10 positioned. These systems ^4illst relatively efllctent can ncgativ^y unpact the enviromnent 
during and following construction of the dams» 

Other systems have been proposed and used which use the sea as a source of energy. 
Energy can be extracted from the sea by using die wave motion of the sea or tidai movement 
of the sea. A slow moving body of fluid however requires a large and costly prime mover to 

15 generate the necessary motion to drive ener^gy extraction means* While the body of fluid 
may well be capable of providing substantial energy, it is the harnessing of thai energy which 
is difficult. In order to generate an adequate supply of electricity to render a system 
profitable, a velocity of fluid flow should be high enough to avoid the necessity of providing 
cosUy and cOIz^>l]cated prime movers. The costs of systems cunentiy proposed or in use are 

20 too hi^ to jiistify Iheir broad implementation. In the various systems which are presently 
used» it is difficult Co obtain a su£Qcienlly high fluid velocity to enable efQcxent extraction of 
energy. 

Summary of the Ixwention 

The present invention aims to provide an in^^roved method and • apparatus for 

25 extracting energy from flowing fluid ^^4iich overcomes or at least alleviates one or more of 
the above disadvaiTtdges. In a particular aspect the present invention aims to provide a 
diffriser for use in enhancing energy collection from a flow of fluid such as water in a tidal 
energy extraction system. Other objects and advantages of the invention will become 
apparent from the following description. 

30 According to one aspect of the present invention, there is provided a diffuser for use 

in apparatus for extracting energy frx»m a flow of liquid, said difiliiser defining a flow passage 
for fluid, said flow passage having an inl^ and an outlet and opposite side walls between said 
inlet and said outlet, and wherein said side walls comprise a plurality of proflled sections. 



COMS ID No: SMBI-00337774 Received by IP Au3UaKa: Time (H:m) 16:55 Date (Y-M-O) 2003-07-1 1 



FFOI : JCD-N R G GARDNER PHONE NO. : +617 55943980 Jul. 11 2003 05:1©^ P5 

3 

Preferably, a gap is provided between a trailiiig portions of each profiled section and 
a leading portioji of an adjacent profiled section other ttian at the leading and trailing ends of 
the difRiser so as to introduce higb energy flow from outside of the dilfiiscr to prevent 
boundary layer separation and recovering vdoctty head. 
5 Typically, the dffiEiiser may be positioned in a naturally occurring flow of fluid. The 

conduit means may be supported on a suitable si^iport means positioned in the flow of fluid. 
Alternatively, the difRiser means may be suspended from a suitable structure or oflbier means 
such as a buoyant body or anchored at a required elevation within the body of fluid, 

Pteferably the profiled sections fotmiog the difltaser side walls c<»nprise aerofoil 
• 10 section members. The aerofoil section numbers preferably comprise Bsyimnetric aexofoil 
section members* 

The difihser siutably defines a passaj^ winch initially decreases in cix)ss sectional 
area £rom die inlet to a ccmstricted region between the inlet and the outlet and, thereafter, has 
an increasiiiig cross sectional area rearwaidly and away from die constricted region. 

15 The diffiiso^ suitably inchides i^per and lower walls and the aerofoil section members 

suitably coxnprise elongated mcisbcTs which are oriented substantially vertically and extend 
between the upper and lower walls of tbe diffoser. 

* The aerofoil sectioned members from the coustrlction rearwardly are ai^ed at an 
increasing angle to the longitudinal axis of the diflbser with respective openhigs or gaps 

20 formed between the trailh](g edge of one vent member and the leading edge of fhb adjacent 
trailing vent member. In a typical configuration illustrates, the difiuser shroud has aerolbil 
sectioned members which rearwardly of the constriction angled at 10 degree hiciements to 
the longitudinal axis of Che difAiser. 

At the leading end of the dlfhiser, opposite aerofoil sectioned members are suitably in 

25 the side walls being angled outwardly from the constriction suitably at 10 degrees to the 
longitudinal axis of the difluser. Further aerofoil sectioned members at or adjacent the 
constriction suitably extend substantjally parallel to the longimdinal axis of the dlfAiser. 

When applied to use in energy collection qjpaiatus for extracting energy firom a 
flowing liquid, a suitable prime mover indicated is positioned in or near the constriction. 

30 The prime mover is configured to be acted upon by the water passing through the difftiser to 
rotate at a speed proportional to die velocity of the- water in the constriction. Typically, die 
prime mover is in the form of a turbine which has a rotatably mounted shaft and wing-like 
blades supported on the shaft. The blades may be spaced from« and be parallel to, the shaft 
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which extends through the top or bottom wall to be coupled if desired through suitable 
gearing or a suhabie tiaiismissioa to an electrical generator for generation of electricity. The 
turbine however may be ioi any suitabie configuration which will allow energy to be extracted 
from the accelerated fiuid flow dirough the constriction. 
5 In order to utilise the energy generated by (he iotatii](g prime mover, an electricity 

generating arrangement may be mounted on the top or bottom walls of die diffuser. The 
generator can be in the form of any suitable electricity generator and is cailoied to suit the 
application of the apparatus. 

The turbine can be mounted ddicr in a vertical orioiiatioii or alternatively, can be 
1 0 mourned horizontally, dependit\g on location and constructioDal requirements. 

In use; the difRiser is positioned in a naturally occurring flow of water and such w^nt 
the inlet is positioned upstream of the outlet. 

The prime mover for location in the conduit meaiis may be of assy suitable 
configuration. In one pteferred configuration however^ die prime mover may be in the fozm 
15 of at least one set of Idade members mounted on a shaft. Each blade member may be 
positioned and configured so that the shaft is rotated when fluid passes througjh the passage. 
The blade members of the, or each, set may be oriented to extend befweeo one of die pairs of 
opposed wallh. The shaft and the blade members may be positioned orthogonally with respect 
to a direction of flow throu^ the conduit means. Thus, an axis of rotation of the shaft and 
20 the blade nmnbers is orthc^nal widi respect to the dkection of flow. 

Each blade member may be mnunfffri on its respective shaft via one or more arms diat 
extend radially from the shaft. Badi blade member may be adjustably 'mouQted on its 
respective arm/s so that the blade members can be adjusted to produce tnaTimntn response to 
' the flow of fluid throu^ the conduit meai^. 
26 The blades of the turbine are suitably mounted so as to be capable of limited pivotal 

length about their longitudinal axes, Danq>iqg means are suitably provided to the 
pivoting movement of the blades. 

The blade members and the, or each, shaft may be substantially vertically oriented 
when the conduit means is in an operative position. Alternatively, the blade membexs and 
30 the, of each^ shaft may be substantially horizontally oriented when the conduit nieans is in an 
operative position. 
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The apparatus may include an enei^gy tafce-off means thai is connected lo the, or each, 
shaft. The, or each, energy take-ofif means may inclwie an elcctricaJ generator for generating 
electricity. 

A plurality of prime movers and coirespondi^g generators may be mounted on the 
5 conduit means. 

The attached draiwjntg fflusttate prefetred mbodimeots of the diffuscr and associated 
tuzbine. It wiU be appieciaiad however tihat the turbine used lo extract energy from flow 
through the difYliser may be in many difGsrent con£igurations other than fbat shown and 
described. Similarly, ttie iUustrated turbine may be used wilb oflier fonns of difiiiser or 

10 shroud or in otiier applications* 

Fig. 1 IS a plan view of a down stream diffdser with a four blade vertical axis turbine. 
The aerofoil section mmibecs which form the side walls of the difluser are arrai^ged such lhat 
gaps are provide between the trailing end of each aerofoil section member and the leading 
end of an adjacent member so as to introduce high energy flow fimn outside the dua prevent 

16 boundary layer separation and recovering velocity head. The geometry of the profile 
sections is such that at the inlet, die aerofoil sectims are flared out at 10 degrees each or 20 
degrees inclusive. The aeroibil sectians at the trailli^ end of ifae difAisar flare out at 40 
degrees each or 80 degrees inclusive. These angles however may be varied baih at the 
trailing and leading end of the diffiiser. The aerofoil secdoxied members have rearwaidly 

20 fh>m me constriction an increasing aii^e to the longitudinal axis of the difiuscr. PntmVly, 
the aerofoil sectioned members have a asymmetrical configuration as illustrated. 

The turbine suitably inchides a vertical axis tuzbine provided with a pluraliQr of 
circumfercntially spaced vertical blades of aerofbll cross secticm. Preferably each blade of . 
the turbine is mounted for limited pivotal movemtmt about a longitudinally extending axis. 

25 Each blade of the turbiud is allowed to pitch to a limited degree in this embodimimt + or - 
10 degree with nx>vemeiit dampened by means of a hydraulic danqpener. 

The mrbine is located toward the front of die long axis of the diffuser, immediately 
inside the inlet. The turbine blades are positioned with the concave out as this providecs Ivest 
performance. The turbine shown here has an ami clockwise rotation due to the blade 

30 orientation but could be reversed to cloclcwise by reversing the trades. The turbine can have 
3 or more blades. 

The blades can be held either by means or radial anus or by solid disks top and 
bottom so that the disk and the blades rotate. 
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The pivoi axes of the turWae blades must be less than 25% of the chord distance form 
the leading ends of the blades. ITiepJtclungactioDisdaiiipedby means of a hydraulic 
dampener open lx> oiitside water fbat p^vem the mtbine blades fiom excessive shock during 
the pitchii« moment that would otherwise destrajr the blades and the turbine assembly over 
5 time. 

On the compression stroke of the piston the piston end prevents the pitch anplinide 

exceeding 10 degieee and on die suction stroke of the piston die piston arm has a st^ 
prevents die movement exceeding 10 degrees in the opposite direction. 

Fig. 2 is a plan view of the turbine assembly showing die nnbine asseinbly and die 
1 0 nurbine blades as fliey pitch through an are of + and - 10 degrees or 20 degrees inclusive. 
Fig. 3 shows the position of die nubine blades at each posidon In Fig. 2. 

In Figure 3a. die turbine blade is hi a neutral position or pitch. FJguie 3b shows a - 
10 d^ee pitch positi<»i wldi the pitch movement controlled by die bump stop pi^vmthig the 
piston arm form fiirflier movement. Figoze 3c shows ttie + pitch position and die piston end 
1 5 controlling the. blade pitdi. Figure 3d shows die neatral pitch position opposite die Figure a 
position. 

It will of course be realised diat die above has been given only by way of illustrative 
exanqde of the invention and diat all sudi modifications and variations theieio as would be 
apparent to persons sidlled in die art are deemed to fidl widiin die broad scope and anOnt of 
20 the invention as is herein defined. 

Dated diis eleventh day of July 2003 
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Aaron DAVIDSON 

Qraig Colin HILL 

By Their Patent Aaomey 
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